Aim: To explore dental students' ability to examine dental caries after the introduction of a new dental caries detection and assessment tool. In addition, improvement in dental students' knowledge and cognitive skills in cariology was assessed. Subjects and methods: The study involved seventy-nine participants, who are at different levels in the dental academic program. The students' knowledge on cariology was assessed before and after the introduction of the International Caries Detection and Assessment System (ICDAS). The assessment involved the examination of extracted teeth (n = 22) and a perception on the overall knowledge gain using a questionnaire. The study consisted of a pre-and post-survey on cariology knowledge. A follow-up examination of the teeth was performed after introducing the participants to the ICDAS. Results: There were a total of seventy-nine participants (n = 79) in this study. The pre-survey demonstrated that dental interns and senior students had better knowledge of cariology and were
Introduction
Dental caries detection and assessment is a skill that is considered as one of the competencies required by a graduate dental student. These clinical skills are first introduced in the dental school and further developed by training, experience and continuing education. Unfortunately, criteria for measuring different stages of the caries process have inconsistencies in how the caries process is measured. For a long time, clinical caries was commonly diagnosed according to the World Health Organization standard; that is, lesions were only registered by cavitation level. 1 In addition, there is an existing gap between European and American systems for caries detection and there were inconsistencies among the research criteria for measuring dental caries. 2 The International Caries Detection and Assessment System (ICDAS) for caries diagnosis was developed in 2002. In 2005, it was presented in a modified form as ICDAS-II. The goal was to establish a standardized method for adequately diagnosing dental caries in dentists' offices, epidemiological studies, and teaching. 3 The method was based on already validated visual methods of diagnosing caries. 4 In the long term, using ICDAS-II was intended to facilitate the incorporation of studies into overviews or meta-analyses, thus fulfilling the requirements of evidence-based dentistry. 5 The ICDAS-II enables carious changes to be ascertained on occlusal, approximal, and smooth surfaces of the teeth, on the root surfaces, and on restorations and sealants. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] It is important for the tooth surfaces to be cleaned before the examination. A ball end probe can be used as an aid for examining enamel lesions or cavities. The system has already been validated for diagnosing occlusal and approximal caries in primary and permanent teeth 6,10-12 and is increasingly being used in clinical studies as well. [13] [14] [15] [16] [17] Various studies have found that the ICDAS-II has good to very good examiner reproducibility and that its sensitivity and specificity are clinically acceptable. 6, 11, 18 The use of the ICDAS-II has been the subject of a small number of studies in dental education. A study by Zandona et al. 19 compared the performance of the ICDAS-II when utilized by students and experienced examiners. That study covered the occlusal surfaces of posterior teeth without restoration, and the results found no significant difference in reproducibility between experienced and inexperienced examiners. Diniz et al. 20 evaluated the influence of ICDAS training on dental students and found that the use of an e-learning program improved performance of the students' diagnostic skills.
In Saudi Arabia, there are over 26 dental schools and the teaching of dental caries detection and assessment is not consistent. There has to be a local consensus on adopting an international system that is valid and reliable for caries detection and assessment. Thus, the purpose of this study was to explore dental students' ability to assess caries using ICDAS-II at the College of Dentistry, University of Dammam in Saudi Arabia.
Materials and methods
Subjects included students who are enrolled in academic dental program at College of Dentistry, University of Dammam (CD-UoD). Students are at different levels of experience that ranged from third to sixth year in a 6-year dental program, and dental interns. There were a total of seventy-nine participants (n = 79), divided into dental interns (n = 15), 6th year dental students (n = 12), 5th year dental students (n = 16), 4th year dental students (n = 17) and 3rd dental students (n = 19).
The study consisted of a pre-survey on cariology knowledge. The survey questions covered information on the current methods on teaching dental caries detection known by the participant, the diagnostic aids used in dental caries detection, the participants' confidence in detecting dental caries as well as other questions on cariology knowledge. In addition, the study included the examination of extracted teeth (n = 22) by the participants using their taught methods of caries detection and classification system(s) at CD-UoD. A follow-up examination of the teeth was performed after introducing the participants to ICDAS. An additional follow-up examination of the teeth using the ICDAS was performed by the study subjects. This was accompanied by a post-survey on cariology knowledge, where the survey questions covered information presented in the pre-survey in addition to questions on the usability of ICDAS and whether the participants found it useful and an effective tool in detecting dental caries.
The extracted teeth consisted of posterior teeth ''premolars and molars''. These teeth were selected by the principal investigator to demonstrate the range of ICDAS codes. Teeth were mounted in dental stone and kept wet during the period of the study. The ICDAS coding used is described in details in ( Table 1) .
The background of the development of the system and its goals were explained in the course of a one hour presentation. The codes were illustrated using photographs and the related hard sections of the teeth. In the process, the significance of examining cleaned teeth and examining them in a moist or dry state was emphasized.
Descriptive statistics (means and frequencies) were computed for both the ICDAS coding and the survey. Analysis of variance (ANOVA) between groups for ICDAS coding was performed. Paired t-test was performed for ICDAS coding at first exam and consequent exam. Data were analyzed using SPSS software (Version 19). p-values of less than 0.05 were considered statistically significant ( Fig. 1 ).
Results
There were a total of seventy-nine participants (n = 79), divided into dental interns (n = 15), 6th year dental students (n = 12), 5th year dental students (n = 16), 4th year dental students (n = 17) and 3rd dental students (n = 19).
The study participants conducted three dental exams; one before introducing ICDAS and the other two after the introduction of ICDAS. In addition, two self-administered surveys were completed by the study subjects assessing their knowledge on dental caries assessment and detection, one before the introduction of ICDAS and the other one after the introduction of ICDAS.
The pre-ICDAS survey demonstrated that dental interns and senior students had better knowledge of cariology, technologies used for caries detection and were more confident detecting dental caries compared with junior students. Most of the participants (n = 71, 90%), including dental interns did not have a ''universal'' caries detection system when they examined the teeth prior to the introduction of the ICDAS; answers ranged from ''class I'' cavity to ''deep caries''.
The mean ICDAS coding agreement (between groups) in 11 (50%) of the extracted teeth were statistically significant (p < 0.05) Graphs 1 and 2. Teeth that had the highest significant results for the participants were the ones with ICDAS codes 1, 2 and 4 ( Table 2 ). The paired t-test results comparing the first ICDAS exam are shown in Table 3 . There were only 7 (32%) of the extracted teeth that were statistically significant (p < 0.05) in the paired t-test. In addition, there were differences within groups' knowledge on cariology in the pre-and post-survey (p < 0.05) (data not shown here). The majority of the subjects (n = 77, 98%) recommended the use of ICDAS as a teaching aid in the department of cariology. First visual change in enamel (seen only after prolonged air drying or restricted to within the confines of a pit or fissure) ( Fig. 1B ) 2
Distinct visual change in enamel (no cavitation) (Fig. 1C ) 3
Localized enamel breakdown (without clinical visual signs of dentinal involvement) ( Fig. 1D ) 4
Underlying dark shadow from dentin (Fig. 1E ) 5
Distinct cavity with visible dentin (Fig. 1F ) 6 Extensive distinct cavity with visible dentin (more than ½ tooth surface) ( Fig. 1G ) Figure 1 The visual presentation of dental caries stages on extracted teeth using the ICDAS system. * Courtesy of Andre´a Ferreira Zandona´, DDS, MSD, PhD and Domenick T. Zero, DDS, MS. 21 
Discussion
The most common methods among dentists for the clinical detection and assessment of pit and fissure caries are visual/tactile and visual inspection aided by radiographs. 22 There is a demand for training our dental students to detect and assess dental caries in order for them to come up with a proper diagnosis. This ''diagnosis'' will eventually lead to proper treatment approach for dealing with carious teeth regardless of its severity. Dental students' attitudes toward caries detection and assessment can impact their receptivity to training and subsequent involvement in preventive services in their future practices. The rationale from adopting innovative systems for detection of caries is twofold; the system must be reliable, where any dentist could use the system and come up with similar results. Also, the system needs to have some reference in terms of what needs to be done once the tooth is diagnosed (i.e.: what treatment method to use). The ICDAS as a system for detecting and assessing caries has the potential for fulfilling the above mentioned rationale. The ICDAS was developed based upon the insights gained from a systematic review of the literature on clinical caries detection system and other sources from leading experts in cariology from Europe and America. 4, [23] [24] [25] [26] [27] Former studies using the ICDAS-II were as a rule restricted to the caries code and generally studied only the occlusal and/or approximal surfaces of posterior teeth. Zandona et al. 19 examined the use of ICDAS-II in three different groups and found moderate to high agreement between the study subject groups. In this study, there were differences in agreement for students and dental interns which were statistically significant. This is on contrast for the study conducted in a German dental school where there were no statistically significant differences between the groups examined that study. 28 The results in this study are in agreement with the study by Diniz et al. 20 in which they calculated intra-class correlation coefficients (ICC) for intra-and inter-examiner repeatability. The findings were high (ICC between 0.72 and 0.82) both before and after the use of the ICDAS e-learning program. It must be remarked that only occlusal surfaces were examined in these studies similar to this study. The ICC in our study was 0.64 and 0.73 for intra-and inter-examiner repeatability. The use of the ICDAS coding system requires proper understanding of the science of cariology (i.e.: how dental caries initiates in teeth and how it progresses) and proper training for the dental student and dentist. This system relies on good visual inspection without destruction of incipient caries that might occur in enamel by the use of sharp explorers. The ICDAS codes that might be confusing for the dental student and dentist are codes 1, 2 and 4 as this was demonstrated in our study. This observation is in agreement with other studies assessing the ability of study subjects in assessing teeth using the ICDAS codes. 2, 3, 6, 9, 11 As is well known, statistical significance also depends on the size of the sample under study. The relatively small sample of participants may therefore have been a factor in reducing the significance of the differences in the average values. The entire number of available students and interns at our dental college was seventy-nine. Performing a power analysis with this sample size resulted in a power of 0.6. A power of 0.8 would be expected with a sample size of forty-two students (twenty-one per group). Such sample sizes could only be gained if dental students from at least one year could be included as participants. A multicenter design would also offer a good opportunity for achieving a higher number of participants. With regard to the number of teeth used in this study, it should be stated that, with respect to other in vitro studies, the number of teeth (22) was comparatively low. 6, 18 The enhanced benefit of further hours of theoretical instruction should be taken into consideration in planning future courses with respect to available staff members with appropriate experience and expertise in cariology.
When new diagnostic systems are introduced, not only is performance a key factor, but so is the reproducibility of examinations, which can provide clues as to how well the implementation of the method can be taught. The results of this study showed that the ICDAS-II can also be put to good use in teaching students.
From a didactic point of view, the project can be characterized as follows: the educational objectives for the students are divided up, with the primary objective being the diagnosis of dental caries in the initial stages as well as in the form of advanced dentin lesions. The health target is to enable students to define and diagnose clinically the ICDAS-II surface condition and caries scores by the end of the course. The suitable target group is third-year dentistry students. Lectures and practical training on extracted teeth should be the preferred teaching methods. Handouts and e-learning programs are suitable for subsequent review.
The project's relevance is that the students are confronted in subsequent clinical courses with various types of surface care and with teeth affected by various stages of caries. Another important objective is to enable advanced students to compile an appropriate therapy plan for each ICDAS-II score, taking into account information about the individual patient.
Since this study was conducted in a new dental school in Saudi Arabia where the number of study participants (dental students) was low. This project can be duplicated in other dental schools in the country thus having a bigger sample of dental students from both genders and different educational backgrounds and curricula. This will indeed enrich our understanding of the use of ICDAS in the field of cariology and will eventually enhance teaching cariology to our dental students. In conclusion, dental faculty should be exposed to new caries assessment systems such as ICDAS and they need to adopt a ''universal'' system for caries detection and assessment. Dental caries detection and assessment ''pre-clinical and clinical'' training need to be implemented and enforced. The results of this study should establish a base-line for further studies in the field of teaching cariology in Saudi Arabia. In addition, The ICDAS should be introduced and taught at a pre-clinic and clinical level to dental students in Saudi Arabian dental schools.
